1. Background {#sec110903}
=============

Human skin is always vulnerable to injury, which invariably leads to the loss of the integrity of the skin, exposure of the underside tissues to the invasion of microorganisms and corollary bacterial colonization, and even infection resulting in necrosis and tissue degeneration. Hence, the prevention of wound infection has always been a challenge. If wounds become contaminated with bacteria or clinically infected, wound healing is likely to be impaired ([@A21218R1]). Among the microorganisms that infect non-surgical traumatic wounds in hospitals, *Staphylococcus aureus* is the most common and, as such, requires due attention to nosocomial infections and non-surgical wound infections ([@A21218R2]). Ideal dressings for the prevention of skin injury infections should be able to act as a bacterial barrier and possess antimicrobial properties ([@A21218R3]).

Folk medicine practitioners have always sought to introduce new wound healing agents. These agents include plant and animal products with special properties for the treatment of wounds and prevention of wound infection. Although the application of traditional medicine worldwide long time ago, some Asian and African countries still rely on their traditional medicine for their primary health-care needs ([@A21218R4]). From the ancient time, medical usages of animals and their products were extended as cheap, fresh, and available remedies by the indigenous people of different cultures ([@A21218R5]). In the modern era, some physicians still resort to the use of such remedies to cure their patients.

Wound healing, especially when a large part of the skin is lost, is an important challenge in medicine. Sometimes in the wound healing process, it is difficult to achieve a rapid and complete healing ([@A21218R6]). Demands for biological wound dressings like skin and other organs of different animals such as porcine skin ([@A21218R7]) and bovine amniotic membrane ([@A21218R8]) are growing worldwide ([@A21218R9]-[@A21218R11]). Frog skin is one of these animal products which was used to treat wounds from the ancient time ([@A21218R3]). In the last century, frog skin has been used as a biological coverage in some parts of the world such as Vietnam and South America ([@A21218R3], [@A21218R12]). Moreover, many researchers have extracted a variety of bioactive molecules with many biological activities from amphibian skin, including therapeutic properties such as, antimicrobial ([@A21218R11], [@A21218R13]), antiviral ([@A21218R14], [@A21218R15]), and anticancer ([@A21218R16]).

The application of frog skin lipid extracts either topically or as an injection has anti-inflammatory and wound healing effects ([@A21218R17]). It has also been shown that frog skin lipid extracts have a role in the proliferation and differentiation of keratinocytes and fibroblast cells ([@A21218R18]). On the other hand, it was characterized that part of the healing potentials of frog skin is due to its collagen contents. A study on the application of frog skin collagen in cell cultures reported a rise in the proliferation and acceleration in the growth of keratinocyte and fibroblast cells ([@A21218R19]). Secretions of frog skin glands constitute another invaluable source of components proven to be significantly effective in promoting the wound healing process; and also because of their antimicrobial properties, skin secretions could be used in treatment of wound infection ([@A21218R20], [@A21218R21]).

2. Objectives {#sec110904}
=============

The present study sought to investigate the healing and antibacterial efficacy of skin secretions of*Rana ridibunda*. We designed an investigation to study antibacterial and healing effects of fresh frog skin *R. ridibunda* as a biological dressing on full-thickness skin wounds of guinea pig. In this study, healing and antibacterial properties of frog skin were evaluated to make a comparison between dermal and epidermal sides. However, the capacity of fresh frog skin against the bacterial penetration also was evaluated. *Rana ridibunda* comes from the family*Ranidae* of the order Anura and the genus *Rana* or true frogs which thoroughly lives in Iran's marshes ([@A21218R22]). Previously, we reported the efficacy of the pharmaceutical formulation of frog skin powder in promoting the wound healing process ([@A21218R23]). However, in the present study, we investigated the differences between the healing and antimicrobial capacities of the FS and RFS of fresh frog skin.

3. Materials and Methods {#sec110912}
========================

3.1. Experimental Animals {#sec110905}
-------------------------

The animal model in this study were male 6 - 8 months old guinea pigs (n = 18); weighted 700 ± 50 g, purchased from Razi Vaccine and Serum Research Institute, Mashhad, Iran. The animals were housed in a 12h:12h light-dark cycle in a temperature-controlled (22 ± 1°C) and standard animal house and fed with normal rodent diet and water *ad libitum*. Animals were randomly divided into the three groups (n = 6): 1) control group: animals were dressed with just cotton gauze, 2) frog skin group: animals were dressed with dermal side of the frog skin, hereafter referred to as FS, 3) reverse frog skin group: dressed with the RFS. Each animal was kept in a separate cage.

3.2. Preparation of Frog Skin Dressings {#sec110906}
---------------------------------------

Frogs from *R. ridibunda* species were collected from the marshes of Khorasan Razavi Province in the northeast of Iran. After having been transferred to the lab, the frogs were washed with distilled water, maintained in proper conditions in accordance with the Amphibian Husbandry Resource Guide ([@A21218R24]). Fresh dorsal skin of the euthanized frog *R. ridibuna* from the dermal and epidermal sides were used for FS and RFS used in the experimental groups, respectively, while the control group was dressed with just usual cotton gauze. Attempts were made to avoid the accidental movements of the biodressings on the wounds in the experimental groups by covering them with usual cotton gauze. Dressings were changed at 48-hour intervals ([@A21218R25]). All the experimental protocols were approved by the local institutional committee for animal ethics and were performed in accordance with the international rules on animal rights.

3.3. Microbial Penetration Test {#sec110907}
-------------------------------

Microbial penetration tests on the frog skins were performed using *Staphylococcus aureus* (PTCC 1431) and *Escherichia coli* (PTCC 1399) as typical Gram-positive and Gram-negative bacteria, respectively. In order to do this, cultures of these bacteria were added to the frog skins and the negative and positive controls were placed in the Tryptone Soya Bean Agar (TSA) (Quelab, Canada) plates. Then, the fresh frog skins as well as the negative and positive controls of commercial wound dressings were cultured in a TSA medium, which in advance was moistened with a sterile swap soaked in the Tryptone Soya Bean broth (TSB) (Quelab, Canada). There were two pieces of each dressing for each species of the bacteria. One drop of each mentioned bacterium obtained from an overnight culture in the TSB was placed on all the dressings, and the plates were incubated at 37°C for 72 hours. On the 3rd day of incubation, the frog skins and the control dressings were removed from the plates and were incubated at 37°C for another 3 days to study the growth of probable bacteria in the media ([@A21218R26]). The negative control was a piece of intact commercial wound dressing (Hydrocolloid, Comfeel, Coloplast UK Ltd., Peterborough, UK) considered an absolute bacterial barrier, and the positive control was a piece of aseptically pierced commercial wound dressing.

3.4. Wound Creation {#sec110908}
-------------------

The dorsal hair in the thoracolumbar region of all the guinea pigs was removed with a shaver. Following the disinfection of the skin with 70% ethanol, four round full-thickness excisions, 4 mm in diameter, were made with a sterile dermal biopsy punch (Paramount Surgimed Ltd., New Delhi, India) on each side of the dorsal midline of the guinea pigs in a parallel manner. Each wound was at a 2-cm distance from the proximate wounds ([@A21218R27], [@A21218R28]). All the surgical procedures were performed under anesthesia induced with an intramuscular injection of ketamine 40 mg/kg (ketamine10%, Alfasen, Woerden, Holland) and xylezine 5 mg/kg (xylezine 2%, Alfasen, Woerden, The Netherlands) ([@A21218R29]).

3.5. Wound Microbial Studies {#sec110909}
----------------------------

The samples were taken aseptically from the wounds of all the groups on days 3, 5, and 7 post injury with sterile cotton swabs soaked in sterile Phosphate Buffer Saline (PBS) solution, followed by culturing in blood agar media (Quelab, Montreal, Quebec, Canada). After incubation at 37°C for 24 hours ([@A21218R26]), the bacterial colonies, colony-forming units (CFUs) were counted for quantifying the effect of treatment on wounds contamination.

3.6. Wound Closure Study {#sec110910}
------------------------

Immediately, after creating the wounds and on days 3, 5, and 7 post injury, photographs were taken from the wounds of all the groups, using a digital camera (PowerShot S2IS Canon; Canon Corp., Tokyo, Japan) at a straight defined distance vertically above the wounds (2 cm). The photographs were sent to the imaging analysis program, ImageJ (NIH) software, to quantify the interest area for wound closure evaluation with respect to the original wound size (This software is accessible online at http://rsbweb.nih.gov/ij/download.html.) ([@A21218R20]). The number of the pixels in each wound area was calculated as the area of the wound, and the percentage of wound closure on each day (days 3, 5, and 7) was calculated according to the equation 1 ([@A21218R20]):
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3.7. Statistical Analysis {#sec110911}
-------------------------

For each parameter, the data are presented as mean ± standard error of the mean (SEM) values. The One-Way Analysis of Variance was employed to analyze the percentage of wound closure and CFUs. The level of significance was set at a P \< 0.05. The statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) for Windows (SPSS 11.5, SPSS Inc., Chicago IL, USA).

4. Results {#sec110916}
==========

4.1. Microbial Penetration {#sec110913}
--------------------------

In the penetration test, the cultures were checked 24, 42, and 72 hours after removing of dressings. The results showed no colony in the culture media under the intact dressings, including the fresh frog skin and the negative control. However, in the positive control, in which the culture medium was dressed with a mechanically pierced commercial wound dressing, the bacterial growth of both species was observed within three 24-hour intervals after removing the dressings ([Table 1](#tbl28501){ref-type="table"}).

###### Results of the Bacterial Penetration Test ^[a](#fn27910){ref-type="table-fn"}^

  Samples of Wound Dressing                                 24   48   72
  --------------------------------------------------------- ---- ---- ----
  **Fresh frog skin, test**                                           
  *Escherichia coli*                                        \-   \-   \-
  *Staphylococcus aureus*                                   \-   \-   \-
  **Commercial wound dressing, negative control**                     
  *Escherichia coli*                                        \-   \-   \-
  *Staphylococcus aureus*                                   \-   \-   \-
  **Pierced commercial wound dressing, positive control**             
  *Escherichia coli*                                        \+   \+   \+
  *Staphylococcus aureus*                                   \+   \+   \+

^a^ Note, 24 = 24 hours after removing the dressing; 48 = 48 hours after removing the dressing; 72 = 72 hours after removing the dressing; (-) = no growth of bacteria in the cultures; (+) = growth of bacteria in the cultures.

4.2. Wound Microbial Load {#sec110914}
-------------------------

The ability of the dressings to control the microbial load of the wounds was evaluated. The CFUs of the wounds covered with the FS and RFS showed a significant decrease. The bacterial load considerably declined in the wounds treated with the FS and RFS on all the study days, compared with the wounds dressed with usual cotton gauze ([Figure 1](#fig21174){ref-type="fig"}).

![Number of the Colony Forming Unites (CFUs) in the Wound Cultures during the Study Days\
More than 450 CFUs were not counted. Data are presented as mean ± SEM; \*\*P \< 0.01, \*\*\* P \< 0.001 compared with the control group, FS = frog skin, RFS = reverse frog skin.](jjm-08-08-21218-i001){#fig21174}

4.3. Wound Closure {#sec110915}
------------------

The area of the wound measured with ImageJ (NIH) software was considered as the percentage of wound closure and marked as one of the wound healing parameters during the study period. Our findings showed faster wound closure in response to the application of the FS and RFS. The results also showed a significant difference in the percentage of wound closure between the experimental and control groups on day 3. On day 5 post injury, the wounds treated with the RFS presented a significant reduction in wound area in comparison with the control group. The reduction in wound area was greater in the FS group, although the difference between the FS and control group was not statistically significant. On the 7th day of the study, the percentage of wound closure significantly increased in both RFS and FS compared with the control group. In the wounds treated with the FS and RFS, a similar contraction trend was observed; their differences, however, were not significant throughout the study period ([Figure 2](#fig21175){ref-type="fig"}).

![Percentage of Wound Closure on the Different Study Days\
Totally, the FS had a significantly higher rate of increase in the percentage of wound closure than the rate in the control group. The data are presented as mean ± SEM; \* P \< 0.05, \*\* P \< 0.01 compared with the control group. FS = frog skin, RFS = reverse frog skin.](jjm-08-08-21218-i002){#fig21175}

5. Discussion {#sec110917}
=============

In the present study, the efficacy of dermal and epidermal sides of the frog skin *R. ridibunda*, as wound dressings, was assessed in terms of wound microbial load and wound closure. The results showed that the *R. ridibunda* skin, from both dermal and epidermal sides were considerably effective in controlling the wound microbial load. Wounds, especially chronic wounds, lead to the continuous existence of bacteria and formation of organized biofilms. Biofilm-forming bacteria are notoriously difficult to culture and are more resistant to antimicrobial agents ([@A21218R30]). However, the control wound bacteria to prevent biofilm formation appears to be necessary. Due to increasing resistance to antibiotics, it is essential to looking for antimicrobial agents which have potential against broad spectrum bacteria. Methicillin-resistant *Staphylococcus aureus* (MRSA) is one of the major bacteria causing wound infection. In one study, antimicrobial effects of *Zataria multiflora* extracts inhibited the growth of all the MRSA strains ([@A21218R31]). In addition, because of increasing frequency of anti-microbial resistant isolates from nosocomial infections ([@A21218R32]), emphasizes the necessity for another source of antimicrobial compounds. It was also shown that frog *R. ridibunda* skin secrestions have strong antimicrobial activity against MRSA ([@A21218R33]). An ideal wound dressing should have both wound healing and antimicrobial properties, and previous research shows that frog skin possesses both properties.

Lipid compositions extracted from the skin of the genius *Rana* have anti-inflammatory properties ([@A21218R17], [@A21218R18]), reducing the inflammatory cells and promoting the wound healing process. Furthermore, the collagen and the lipid and peptide structures of frog skin have the ability to increase the proliferation and migration of endothelial cells in vitro and in vivo ([@A21218R18]-[@A21218R20]). These compositions also prompt an increase in the extracellular matrix proteins in the granulation tissue such as hydroxyproline and hexosamine, which is a sign of cellular proliferation in the wound site ([@A21218R17], [@A21218R25]). Furthermore, the secretions of frog skin glands are a source of components approved to have microbicide properties could be used in treatment of wound infection ([@A21218R20], [@A21218R21]).

In this study, CFU counts in each swabbed wound, regarded as contamination rate in wound site. CFU was significantly low in wounds dressed with FS and RFS, which confirmed the impressive effects of frog skin in decreasing the wound microbial load. These results have a precise agreement with other studies, in which *R. ridibunda* skin secretions showed extremely antimicrobial effects ([@A21218R20], [@A21218R33]). In comparison, FS and RFS, did not show any significant differences, which are demonstrated effectiveness of both FS and RFS in declining the bacterial load in the wound site.

A proper and ideal wound dressing should protect the wound against bacteria and pathogens ([@A21218R34]). In the bacterial penetration study, typical Gram-positive and negative bacteria were used to test the impenetrability of frog skin against bacterial agents. The observations suggested that frog skin was an absolute bacterial barrier against the penetration of bacteria.

Few hours after injury, reconstruction of epithelium was begun and around 1 or 2 days later, epithelial cells migrated from wounds margin, multiply and make a thick layer of cells. In the process of reepithelization, proliferated keratinocytes migrate to the edges of the wound, and cell migration through the wound edges continues until wound would be closed ([@A21218R35]). In the present study, *R. ridibunda* skin, was effective on faster wound closure especially in wounds were covered with FS; most likely because of lipid and collagen compositions that locate in dermal side of frog skin ([@A21218R17], [@A21218R19]). Our results showed that rate of wound closure in the experimental wounds were significantly faster than control wounds and also wounds with higher collagen density showed acceleration in wound contraction. This is supported by other studies indicating the positive effects of collagen and lipids structures from frog skin *R. tigerina* on the migration and proliferation of epithelial cells ([@A21218R17], [@A21218R19]). Moreover, the compositions of the secretions of frog skin glands probably activate the cell migration and reepithelization process ([@A21218R14], [@A21218R20]).

The present study showed that *R. ridibunda* skin, as a wound dressing, had antibacterial effects and provided an impenetrable barrier against bacteria. Moreover, this wound dressing exhibited healing and regenerative characteristics, making it significantly effective in wound closure. Furthermore, there were no significant differences between the FS and RFS, denoting that both sides of *R. ridibunda* skin possessed these positive effects on the wound healing process. In this study frog skin *R. ridibunda* demonstrated potentials as biological dressing because it able to resist microbes, cost efficient, effectiveness in healing, easy to prepare and use.
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